The ripening process of Serro Minas cheese, one of the most popular cheeses produced with raw milk in Brazil, was studied over the course of 60 days of ripening during dry and rainy seasons. Brazilian legislation prohibits the production of cheese from raw milk unless it was submitted to a maturation period greater than 60 days. However Minas Serro cheese is sold within a few days of ripening. A total of 100 samples of Serro cheese were obtained from five farms; 50 samples were collected during the dry season (winter in Brazil) and 50 samples were collected during the rainy season (summer in Brazil). From each farm, ten cheeses were collected during each season after two days of ripening. Our results showed high levels of total and fecal coliforms at the beginning of the ripening period (approximately 4 Log MPN/g with 3 days of ripening) that decreased with 60 days of ripening reaching almost 1.5 Log MPN/g. Contamination by coagulase-positive staphylococci was reduced by the end of the ripening period. Salmonella spp. was not detected. The staphylococcal enterotoxins B and C were detected in 1% and 4% of the cheeses, respectively, after 30 days of ripening. These results suggest that the ripening process was not effective in eliminating staphylococcal enterotoxins from the cheese. However, none of the investigated strains of Staphylococcus spp. isolated from Serro cheese produced enterotoxins A, B, C or D. The high pathogen and coliform levels at the beginning of the ripening process for the cheese produced during both seasons indicate the need for improvement of the sanitation of the manufacturing conditions.
Introduction
Traditional cheeses originate from a complex system which results in unique organoleptic characteristics, and they are characterized by strong links to their territory of origin (Lecitra, 2010) . Traditional Minas cheese is one of the most popular cheese produced in Brazil, with a long history of manufacturing. Serro cheese is the original name of a variety of Minas cheese produced using raw cow's milk in a region located in the central northeast of Minas Gerais state. It is a very popular cheese in Brazil, and it is considered a variety of semi-hard cheese because it has a typical and markedly acidic taste (Furtado et al., 2003) . Serro cheese has been made at the farm house level using traditional procedures for the last 200 years and has high consumption and appreciation levels in Brazil. The Minas Serro cheese producing-region is composed of ten small cities, and the region produces about 3,106 tons of cheese per year.
Minas Serro cheese is traditionally made using raw cow's milk and by adding "pingo" (a natural fermentation starter) and industrial liquid rennet. Forty to 60 min after the addition of rennet and "pingo", the coagulum is cut and transferred to plastic molds, where the whey is removed by hand pressing. The cheese is covered with coarse salt on one side and remains that way for approximately seven hours. Next, the cheese is turned and salted on the other side. After another period of resting (approximately 12 hours), the cheese is turned again, and after 24 hours, it is removed from the mold and washed. "Pingo" is the whey that drops from the previous cheese covered with salt (Borelli et al., 2006) . Bacterial populations associated with "pingo" include Lactobacillus, Lactococcus and Streptococcus species (Borelli et al., 2006 , Lacerda et al., 2011 . This cheesemaking process takes place on farms in a room adjacent to the cow barn.
After three days of maturation at room temperature, the cheese is transported to a storage facility where it is weighed, washed again, dried in a drying chamber for one day and vacuum-packed in plastic bags. Afterward, it is refrigerated at approximately 10°C and marketed under refrigeration.
Brazilian legislation (Brasil, 2000) prohibits the production of cheese manufactured with raw milk except for those types of cheese that have a maturation period grater than 60 days. Because Minas Serro cheese sells within a few days of ripening and because is manufactured using raw milk, pathogens such as Staphylococcus aureus, Escherichia coli and Salmonella spp. can contaminate the cheese. This contamination, specifically, the presence of coagulase-positive staphylococci and staphylococcal enterotoxins in the cheese, may present a potential health risk to consumers (Aarestrup et al., 1995; Leloir et al., 2003) .
This study was performed to examine the populations of coagulase-positive Staphylococcus, both total and fecal coliforms, E. coli and Salmonella spp. in traditional Minas Serro cheese. The presence of staphylococcal enterotoxins (SE) A, B, C and D and of toxic shock syndrome toxin 1 (TSST-1) was also measured.
Materials and Methods

Sample collection
A total of 100 samples of Serro cheese were obtained from five farms; 50 samples were collected during the dry season (winter in Brazil) and 50 samples were collected during the rainy season (summer in Brazil). From each farm, ten cheeses were collected during each season after two days of ripening; they were then stored without packaging in a refrigerated room (around 10°C) of a storage facility throughout the 60-day ripening period. The cheeses were turned every day. The average temperature and the relative humidity (RH) of the refrigerated room during the ripening periods were 10.45°C with 88.2% RH during the dry season and 11.51°C with 81.32% RH during the rainy season. The cheeses were sampled after 3, 15, 30, 45 and 60 days of ripening. Out of the ten cheeses collected from each producer, two cheeses were sampled during each time of ripening. The samples were then transported to the laboratory under refrigeration for microbiological analyses. For the staphylococcal enterotoxins analyses, the samples were stored at -20°C. The samples collected during the dry season were from cheeses manufactured in May and June of 2008, and the samples collected during the rainy season were from cheeses manufactured in January of 2009. The analyses were performed on cheeses ripened for 3, 15, 30, 45 and 60 days under refrigeration to verify the proper maturation period for this type of cheese. In addition, analyses were performed on cheeses manufactured during either the dry or rainy season to determine whether the microbiological parameters are influenced by the season in which the cheese is produced.
Microbiological analyses
Samples of 25 g each were homogenized with 225 mL of 0.1% peptone water in a Stomacher 400 lab blender (Seward, London, UK) for 1 min, and serial decimal dilutions were prepared using the same diluent. Total and fecal coliform bacteria were counted using the most probable number (MPN) technique. Lauryl sulfate tryptose and Brilliant Green broths (Difco, Detroit, USA) were used to determine the total coliform bacterial counts, and EC-MUG broth (Difco), incubated in a water bath at 45.5°C, was used to determine the fecal coliform bacterial counts. For E. coli isolation, a loopful of culture from each gassing EC tube was streaked onto a Levine's eosin-methylene blue (L-EMB) agar plate and incubated for 18-24 h at 35°C. Suspected E. coli colonies were transferred to PCA slants incubated for 18-24 h at 35°C and were tested for the presence of indole production, Voges-Proskauer-reactive compounds, methyl red-reactive compounds, citrate, Gram stain and gas production from lactose. The MPN of E. coli was based on the proportion of EC tubes in three successive dilutions that contained E. coli (Downes and Ito, 2001) .
Salmonella spp. detection was carried out after preenrichment in 1% buffered peptone water for 24 h at 37°C and after enrichment in selenite cystine broth (Biobrás, MG, Brazil) and Rapapport-Vassiliadis broth (Biobrás) for 24 h at 35°C and 42°C, respectively. Enriched cultures were streaked onto Salmonella-Shigella agar (Biobrás) and Hecktoen enteric agar (Biobrás). The plates were incubated at 35°C for 48 h. Typical-looking colonies were examined using the Triple Sugar Iron (TSI) agar (Oxoid, UK) or Lysine Iron Agar (LIA) (Oxoid) fermentation tests, urease tests (using Urea broth, Oxoid) and serological tests such as the polyvalent flagellar (H) and polyvalent somatic (O) tests (using Murex Salmonella Polyvalent Agglutinating Sera) (Downes and Ito, 2001) .
Staphylococcus spp. were counted on Baird-Parker agar (Biobrás) with added egg yolk tellurite after incubation at 37°C for 48 h. After growth, Staphylococcus colonies were counted and classified as being either typical or atypical for S. aureus. Typical S. aureus colonies displayed the following phenotypes: jet black to dark grey, smooth, and convex with well-defined contours, off-white edges and an opaque zone. Atypical S. aureus colonies displayed different phenotypes: gray to dark gray and mucoid with the entire margin showing without a halo. Ten colonies from each sample, five typical and five atypical, were selected and transferred to tubes containing nutrient agar (stock culture); they were then tested for the presence of thermonuclease (TNase), catalase and coagulase for the biochemical identification of coagulase-positive Staphylococcus (Downes and Ito, 2001 ). Coagulase-negative colonies were further tested for furazolidone sensitivity to differentiate Staphylococcus spp. from Micrococcus spp. (Koneman et al., 2001) .
Detection of the coagulase gene in isolates of Staphylococcus spp.
Staphylococcus spp. that presented a negative phenotype for the coagulase test were next analyzed for the presence of the coagulase gene using a polymerase chain reaction (PCR). DNA extraction and PCR were performed according to the methodology described by Aarestrup et al. (1995) . The coagulase gene-specific primers Coa1 (5'-ACCACAAGGTACTGAATCAACG-3') and Coa2 (5'-TGCTTTCGATTGTTCGATGC-3') were used to amplify a fragment of approximately 987 bp. The amplicons were analyzed in a 1% agarose gel, stained with GelRed nucleic acid gel stain (Biotium, Uniscience, USA) and photographed.
Molecular identification of S. aureus
The isolates of Staphylococcus spp. that were positive for the phenotypic coagulase test or the presence of the coagulase gene were next analyzed for the presence of the S. aureus TNase gene and were consequently identified as S. aureus. For the confirmation of this species, the nuc gene of S. aureus species-specific oligonucleotides SAnuc1 (5'-TGCTATGATTGTGGTAGCCATC-3') and SAnuc2 (5'-TCTCTAGCAAGTCCCTTTTCCA-3') were used to amplify a fragment of 420 bp (Baron et al., 2004) . S. aureus ATCC 29213 was used as a positive control for the reaction. After amplification, the reactions were analyzed by electrophoresis through a 1% agarose gel, stained with GelRed nucleic acid gel stain and photographed.
Detection of the staphylococci enterotoxins
Enterotoxin extractions from Serro cheese samples were performed according to the procedures previously described by Carmo (2001) . The presence of enterotoxins in the extracts was analyzed in triplicate using the optimumsensitivity-plating (OSP) method as described by Robbins et al. (1974) . The extracts were tested for standard enterotoxins A, B, C, D and TSST-1. The limit of detection of the test is 0.5 mg of toxin per gram of food.
Toxin production by Staphylococcus species
Strains of Staphylococcus spp. exhibiting similar physiological and biochemical profiles and that did or did not present the S. aureus coagulase or TNase genes were pooled to test SEA, SEB, SEC, SED and TSST-1 production using the OSP method. Individual pools comprised one to five strains.
Statistical analyses
The data were submitted to descriptive statistics, a Normality test and Pearson Correlation using the program SAS Institute Inc. (SAS/STAT. version 8.0, SAS Institute Inc. Cary, NC, USA). An analysis of variance (ANOVA) and mean comparison using Students t test and Scott-Knott test was used to verify differences between seasons and ripening times, respectively, using the program SISVAR 2007 (SISVAR. version 5.0, DEX/UFLA, Lavras, MG, Brazil). The level of statistical significance was set at p < 0.05.
Results and Discussion
The number of total and fecal coliforms in cheese was high within a few days of ripening (approximately 4 Log MPN/g with 3 days of ripening) but then decreased throughout the ripening period reaching almost 1.5 Log MPN/g with 60 days of ripening (Table 1) . This result was likely due to the reduction of moisture and inhibition by the native microbiota present in the cheese. It is well known that ripening acts as a natural selector, during which lactic acid bacteria normally inhibit pathogens (Nunez et al., 1985) . Leite et al. (2001) analyzed the contamination of Minas cheese and observed a decrease of approximately two Logs in the number of fecal coliform bacteria present on the thirty day of ripening. In this study, with 30 days of ripening, the cheese manufactured during the dry season had 2.3 Log MPN/g of total coliforms and 1.84 Log MPN/g of fecal coliforms. These values are lower than what is allowed by Brazilian law (3.69 Log MPN/g for total coliforms and 2.69 Log MPN/g for fecal coliforms) (Brasil, 1996) . After 30 days of ripening, the cheese manufactured during the rainy season presented a number of total and fecal coliforms lower than what is allowed by law. The limits allowed by Brazilian law vary depending on the moisture content of the cheese. With 30 days of ripening, a significantly higher amount of total coliforms was observed in cheese produced during the rainy season (3.15 Log MPN/g) as compared with the dry season (2.30 Log MPN/g). The number of fecal coliforms was also significantly higher with 15, 30 and 60 days of ripening for cheese produced during the rainy season (3.75 Log MPN/g, 2.72 Log MPN/g and 1.90 Log MPN/g, respectively) as compared with the dry season (2.72 Log MPN/g, 1.84 Log MPN/g and 1.05 Log MPN/g, respectively).
During the ripening process, a reduction in the amount of E. coli was also detected. The high numbers of coliforms and E. coli found at the beginning of ripening are indicative of poor sanitation conditions during milking because they are similar to those found in milk used for the production of other cheeses (Ordónez and Burgos, 1977; Centeno et al., 1994; Fontán et al., 2001; Borelli et al., 2006; Rosa et al., 2008 , Lecitra, 2010 . The milk and "pingo" used in the manufacture of the cheese can possess a considerable amount of these microorganisms, as related by other authors who have also analyzed the raw materials used in the production of traditional Minas cheeses (Pinto, 2004; Borelli et al., 2006; Martins, 2006; Lima et al., 2008) . The difference in the amount of E. coli present between the seasons was only statistically significant for the cheese that ripened for three days (Table 1) ; a greater number of E. coli was counted from the cheese manufactured during the rainy season (3.49 Log MPN/g) than the dry season (1.99 Log MPN/g). When studying the milk used for the manufacture of Serro cheese, Martins (2006) observed counts of E. coli slightly higher in the milk sampled during the rainy season. Caridi et al. (2003) also observed higher counts of E. coli in artisanal cheese manufactured at higher temperatures as those found during the rainy season in Brazil. According to Ferreira (2004) , higher temperatures directly increase the population of microbiota found in cheese, whether it is endogenous, a contaminant or added.
Salmonella spp. were not detected in the 100 samples analyzed. This result is similar to those found by Borelli et al. (2006) and Lima et al. (2008) , who studied other varieties of traditional Minas cheeses.
High counts of Staphylococcus spp. were observed during the entire ripening period for the cheeses manufactured during both seasons (Table 1) , but the highest counts were found in the cheese manufactured during the rainy season after three and 15 days of ripening (p < 0.05). Staphylococci contamination of food is generally associated with its handlers (Carvalho and Serafini, 1996; Normanno et al., 2007) . In addition, satisfactory microbiological conditions of raw materials, such as milk or "pingo", are essential to obtain lower counts of Staphylococcus in cheese. High counts of Staphylococcus spp. have been found previously in milk (approximately 4.12 Log cfu/mL) and "pingo" (almost 3.60 Log cfu/mL) used in the manufacturing of traditional Minas cheeses (Borelli et al., 2006; Martins, 2006) .
In the present study, only after 45 days of ripening the cheeses made during both dry and rainy seasons have counts of coagulate-positive Staphylococcus under the limit allowed by Brazilian law (1000 cfu/g) ( Table 1) . There were no statistically significant differences (p < 0.05) between the seasons regarding the counts of coagulatepositive Staphylococcus. One hundred and forty-six isolates that presented a negative phenotype for coagulase and TNase were analyzed by PCR using primers to amplify the gene Coa, and four were positive for the presence of the coagulase gene (data not shown). Cremonesi et al. (2005) Ab suggest that the presence of the coagulase gene it is not necessarily associated with its phenotypic expression.
A decrease of almost 2 Log cfu/g in the amount of S. aureus was observed throughout the first 30 days of ripening for cheese produced during the rainy season (p < 0.05) ( Table 2 ). Only after 15 days of ripening during the rainy season and 45 days during the dry season did the cheese contain an amount of S. aureus below the limit of 3 Log cfu/g allowed by Brazilian law. Sixty-eight isolates of Staphylococcus spp. that presented a positive phenotype for coagulase and TNase were analyzed by PCR using primers to amplify the gene SAnuc in order to confirm their identities as S. aureus, and 41 were positive for the presence of this gene. Approximately 60% of the isolates that displayed positive phenotypes for coagulase and TNase were confirmed as S. aureus. Some SAnuc amplicons determined by PCR are shown in Figure 1 . The size of the PCR products obtained from isolates that were positive for the SAnuc gene is approximately 500 bp. Forty-nine isolates with phenotypes positive for coagulase and negative for TNase were also tested, among which 13 contained the SAnuc gene and were identified as S. aureus.
Staphylococcal food poisoning (SFP) has been demonstrated to be caused by the consumption of foods containing enterotoxins produced by staphylococci. Ingestion of food containing from 20 ng to < 1 mg of SEs can cause SFP (Bergdoll, 1989) . SEC and TSST-1 were detected in three and five samples, respectively, out of 50 samples from the cheeses manufactured during the dry season, in concentrations > 0.5 mg/g of food. Two samples from the same producer with 30 days of ripening and one sample with 60 days of ripening contained SEC. Although the number of coagulase-positive Staphylococcus on the cheese with 60 days was under 3 Log cfu/g, SEC was found in one cheese sample. This enterotoxin was likely formed at the beginning of the ripening period when the quantity of coagulase-positive Staphylococcus in the cheese was high. This result suggests that the ripening process is not effective in eliminating staphylococcal enterotoxins form the cheese. Out of the 50 cheese samples obtained during the rainy season, one sample with 30 days of ripening contained SEB, SEC and TSST-1, and 16 samples, with 3 and 15 days of ripening, contained TSST-1 in concentrations > 0.5 mg/g of food. Rosec et al. (1997) and Tamarapu et al. (2001) observed that 66% of samples from dairy products were positive for SEC, and it has been recognized as an important cause of SFP associated with the consumption of dairy products. Viana et al. (2009) also detected SEB and TSST-1 in samples of "Requeijão do Norte", a traditional semi-hard cheese produced in Brazil.
During the test for the production of enterotoxins and TSST-1 by the isolates of Staphylococcus spp., none of the nine pools analyzed produced the enterotoxins A, B, C and D, although SEB and SEC were detected in one and four cheese samples, respectively. Nevertheless, the isolates of three pools (33.3% of the analyzed pools) produced TSST-1, which is consistent with the results indicating the presence of TSST-1 in the cheese samples. The TSST-1 detections indicate mastitis in cows that produce milk used to manufacture Serro cheese. Borelli et al. (2006) analyzed Log cfu/g (cfu, colony forming units). Mean ± SD (n = 10) of determinations of five batches. a,b,c Within a line, different superscript lowercase letters denote significant differences (p < 0.05) amongst the different periods of storage for each studied season.
the production of enterotoxins in 19 pools of isolates of Staphylococcus spp. from samples of Canastra Minas cheese and detected the production of SEB, SEC and TSST-1 in 78.9%, 52.6% and 31.6% of the pools, respectively. In our study, the detection of TSST-1 was higher in cheeses made during the rainy season after three or 15 days of ripening, when the populations of S. aureus were high. At the beginning of the cheese ripening process, the initial numbers of coliforms, E. coli and Staphylococcus spp. were very high, possibly because of the lower microbiological conditions of milk; the "pingo" may also have been the cause of high microorganism counts. The cheese produced during the rainy season had higher counts of E. coli and Staphylococcus spp. than the cheese produced during the dry season in the beginning of ripening, probably because of a higher number of these microorganisms in milk and pingo produced during that season. Therefore, the contamination of Serro cheeses may be caused by the contamination of raw materials used for their manufacturing, and these materials should be carefully controlled for quality to improve this traditional cheese.
Despite the finding that the investigated strains of Staphylococcus spp. isolated from Serro cheese did not produce enterotoxins, SEB and SEC were found in 4% of the analyzed cheese samples. Therefore, even though the cheese after at least 45 days of ripening meets the standards established by Brazilian law for coliforms and coagulasepositive Staphylococcus, the presence of SEC in the cheese after 60 days indicates a potential risk for the consumer's health.
Conclusions
The ripening process has marked effects on the microbiological parameters of traditional Minas Serro cheese. It was effective in reducing the contamination detected by the most important microbiological indicators for contamination of cheese according to Brazilian law, but ripening was not effective in eliminating staphylococcal enterotoxins from the cheese. Once formed, possibly when the counts of coagulase-positive Staphylococcus in the cheese were high, these enterotoxins remained in the cheese even after 60 days of ripening. The high pathogen and coliform levels at the beginning of the ripening process for the cheese produced during both seasons indicates the need for improvement of the sanitation of the manufacturing conditions. Also the high TSST-1 levels at the beginning of the ripening process for the cheese produced during rainy season indicates the need for improvement of the healthiness of herd.
